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Background: Analogous to the geographic distribution of
variants of human papillomavirus (HPV) types, the distri-
bution and persistence of these variants among infected
individuals may be related to the racial composition of a
population living in one geographic region. Methods: We
studied 1114 women in the United States participating in
the Atypical Squamous Cells of Undetermined Significance/
Low-Grade Squamous Intraepithelial Lesion Triage Study
who were positive for HPV16 and/or HPV18 at enrollment.
Race was self-reported. HPV samples were characterized by
sequencing the E6 gene and part of the long control region
and classified as variants according to established lineages.
Subjects were examined for HPV every 6 months for 2 years.
All statistical tests were two-sided. Results: HPV18 African
variants were predominant in the 97 HPV18-infected African
American women (i.e., 62 women or 63.9%, 95% confidence
interval [CI] =53.5% to 73.4%), and European variants were
common in the 168 HPV18-infected white women (i.e., 91
women or 54.2%, 95% CI=46.3% to 61.9%). HPV16 African
variants accounted for 43 (26.5%, 95% CI=19.9% to 34.0%)
of the infections in the 162 HPV16-infected African American
women but for only 25 (4.3%, 95% CI = 2.8% to 6.3%) in the
584 HPV16-infected white women. The likelihood of remain-
ing HPV18 positive was statistically significantly higher in
white women infected with European than in white women
infected with African variants (P = .04); the reverse was
observed in African American women (P =.03). A similar pat-
tern was observed for persistence of HPV16 variants, with
the likelihood of remaining positive being higher for white
women, but lower for African American women, infected
with an European variant than with an African variant (P =
.03 and P=.16, respectively). Conclusions: Variants of HPV16
and HPV18 appear to persist longer in a host whose race
indicates an ancestral geographic distribution that was once
shared with that of the variant—i.e., European variants
persist longer in white women, and African variants persist
longer in African American women. [J Natl Cancer Inst
2006;98:1045-52]
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Infection with high-risk human papillomavirus (HPV) types,
particularly types 16 and 18, causes cervical cancer. To date,
nearly 100 HPV types have been identified and characterized (7).
For any given HPV type, viral isolates that differ by less than 2%
of the DNA sequence for the L1 gene are designated as variants.
Variants for a given HPV type appear to segregate geographically
(2-5). Although the reasons for geographic segregation are not
clear, differences in the adaptation of the virus to the host after
many generations of exposure may be one of the factors that con-
tribute to the endemic nature of HPV variants.

It is possible that HPV variants detected within a population
may be distributed among the infected individuals whose race
indicates an ancestral geographic distribution that was once
shared with that of the variant. For example, in a longitudinal
study of female university students, nonwhite women were more
likely than white women to acquire non-European variants of
HPV16 (6). Although the finding was intriguing, it was inconclu-
sive because of the few infected women available for study. Al-
though plentiful data show differences in duration of persistence
between types of HPV (7-10), much less is known about per-
sistence of variants, and only a few studies—with inconsistent
findings—have been reported (1/—14).

In this study, we examined the distribution of HPV16 and
HPV18 variants by racial group in many racially diverse women
participating in the Atypical Squamous Cells of Undeter-
mined Significance/Low-Grade Squamous Intraepithelial Lesion
(ASCUS-LSIL) Triage Study (ALTS), a multicenter randomized
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clinical trial designed to evaluate strategies for triaging women
with mildly abnormal Pap smears. We evaluated the variant-
specific likelihood of becoming viral DNA negative by racial
group by testing consecutive cervical specimens from each
woman who was monitored every 6 months for 2 years.

SuBJECTS AND METHODS
Study Subjects

Study subjects were ALTS participants who had HPV16 or
HPV18 DNA detected in cervical swab samples at the time of
trial enrollment from January 1, 1997, through December 31,
1998, by polymerase chain reaction (PCR)-based reverse line
blot hybridization assay (15). Race of the subjects was self-
reported as white, African American, Asian/Pacific Islander, or
American Indian/Alaskan native. Information on country of birth
was not collected. A full description of the design of the ALTS
trial and the characteristics of the study population are available
elsewhere (16,17). The study protocol was approved by the Na-
tional Cancer Institute and the local institutional review boards.
All participants provided written informed consent.

A total of 1114 women were eligible for this study, including
784 who were positive for HPV 16 alone, 268 who were positive
for HPV18 alone, and 62 who were positive for both HPV16
and HPV18. Cervical samples taken at enrollment were assayed
by PCR-based DNA sequencing for variant characterization, as
described below. Fifty HPV16-positive and 53 HPV18-positive
women were excluded because of negative sequencing results.
Another five women whose race was not ascertained were also
excluded, leaving 791 HPV16-positive and 276 HPV18-positive
women for these analyses. Parts of the ALTS protocol that are
relevant to the current analyses follow.

ALTS participants were randomly assigned to one of three
arms (immediate colposcopy, HPV triage, and conservative man-
agement). All participants underwent an entry procedure at en-
rollment that included an interview, a Pap smear, and the detection
and typing of HPV DNA. These procedures were followed by
a colposcopically directed biopsy examination of visible lesions
for all women in the immediate colposcopy arm, all women who
were positive for high-risk HPV types in the HPV triage arm, and
all women who had a cytologic test result at enrollment of high-
grade squamous intraepithelial lesion (HSIL) in the conservative
management arm. All women, regardless of study arm, were re-
quired to return at 6-month intervals over a 2-year period for cer-
vical cytologic and HPV testing. During follow-up, women were
re-referred for colposcopy and biopsy examination if cytologic
evidence of HSIL was detected. Women with biopsy-confirmed
cervical intraepithelial neoplasia grade 2 or higher (>CIN2) re-
ceived appropriate treatment immediately.

Characterization of HPV16 and HPV18 Variants

Cervical swab samples used for this study were generously
provided by the ALTS Group ancillary studies committee. A 100-
uL aliquot of each sample was digested with proteinase K (200
pg/mL) in 0.1% Laureth-12 at 56 °C for 1 hour. The digests were
precipitated with 1.0 mL of absolute ethanol containing 0.67 M
ammonium acetate overnight at —20 °C and then centrifuged for
30 minutes at 13000g at 4 °C. DNA pellets were rinsed with 70%
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ethanol twice, dried, and resuspended in 30 pL of TE (10 mM
Tris, pH 8.0, and 1 mM EDTA).

Sequence variation at HPV16 nucleotide positions 7723 to 567
or at HPV 18 positions 7489 to 587 (corresponding to the 3’ part of
the long control region and the entire E6 region) was determined
by PCR-based DNA sequencing. The fragments of target genes
were generated by use of one pair of primers for HPV16 (forward,
5-AGGCACATATTTTTGGCTTGTT-3'; reverse, 5-TTCATG
CAATGTAGGTGTATCTCC-3") and the other pair for HPV18
(forward, 5'-GTTGCCTTTGGCTTATGTCTG-3"; reverse, 5'-TT
GCCTTAGGTCCATGCATAC-3'). PCR products were isolated
on 2% agarose gel and then purified with a QIAEX II gel extrac-
tion kit (QIAGEN, Valencia, CA). Purified DNA template (30 ng)
was added to the sequencing reaction by use of a Big Dye Termina-
tor Cycle Sequencing kit according to the manufacturer’s protocol
(Applied Biosystems, Foster City, CA). The reactions were per-
formed from both 5'-3’ and 3’5’ directions with the above exter-
nal primers plus one pair of internal primers for HPV18 (forward,
5'-AATACTATGGCGCGCTTTGA-3'"; reverse, 5-TGTCTTG
CAGTGAAGTGTTCAG-3'). DNA sequences were analyzed with
the Sequencer package (Gene Codes Corp., Ann Arbor, MI).

Variants were compared with the prototype sequences of
HPV16 or HPV18 (18-20) and then assigned to a lineage on the
basis of their similarity to known variants. An analysis of the
751-base-pair fragments of HPV 16 revealed 144 variants. By use
of a lineage classification system developed on the basis of
geographic relatedness (3,4), these variants were categorized as
European, Asian, North American, Asian American, African 1
(Af1), and African 2 (Af2). Seventy-four HPV18 variants were
identified in an analysis of the 956-base-pair fragments and
then further classified by their sequences as European, Asian
American, and African variants (5,21).

Statistical Analyses

Kaplan—Meier analyses were performed to estimate the likeli-
hood of women who had an HPV infection detected at enrollment
becoming negative for viral DNA. Time to an event was defined as
the time between enrollment and the first visit at which a subject
became negative (unless otherwise specified). Those women who
completed the follow-up without clearing their infection or were
lost to follow-up were censored at their last available visit. In an
initial analysis, all women with biopsy-confirmed >CIN2 at en-
rollment or during follow-up were censored at the time of initial
diagnosis. Because women with >CIN2, if not treated, might have
had an infection with a prolonged duration, we conducted a second
analysis, in which those with >CIN2 who were positive for the
HPYV variant at the time of diagnosis were treated as being positive
through the last available visit. A log-rank test (22) was used to
assess the overall likelihood of becoming negative for viral DNA
between the HPV variants by racial group. Because the visits were
scheduled every 6 months, the events of viral DNA regression
were not ascertained in continuous time; most of them were de-
tected around the scheduled time. For naturally fitting data with
discrete follow-up times, a Poisson regression model (23) was
used to estimate the relative risk (RR) for becoming negative for
viral DNA. The events and person-months of observations were
grouped into four categories centered at each of the scheduled vis-
its (<9, >9 to <15, >15 to <21, and >21 months). The statistical
significance of the main effect and interaction between the variants
and race was assessed with a likelihood-ratio test. The proportional
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hazards assumption was examined by testing the statistical signifi-
cance of interaction between the variants and time intervals. The
mean length of follow-up and the mean age at enrollment by HPV
variant groups were compared by use of a Student’s ¢ test. A depar-
ture of normality of the distribution was assessed by a goodness-
of-fit test. A chi-square, or Fisher’s exact test when appropriate,
was used to compare distribution of the variants by racial group
and percentage of women who did not return for follow-up by
HPYV variant and racial group. Bonferroni corrections were made
to adjust for multiple comparisons of distribution of the variants
by racial group. All statistical tests were two-sided.

RESsuULTS
Distribution of HPV Variants by Racial Group

Of the 1025 women included in this study, 719 were white,
251 were African American, 36 were Asian/Pacific Islander, and
19 were American Indian/Alaskan. The mean (+ standard devia-
tion [SD]) age at enrollment was 24.8 (+5.8) years. HPV18 vari-
ants were studied in samples from 276 women, with European
variants detected in 119 (43.1%, 95% confidence interval [CI] =
37.2% to 49.2), with African variants detected in 79 (28.6%, 95%
CI=23.4% to 34.3%), and with Asian American variants detected
in 78 (28.3%, 95% CI = 23.0% to 34.0%) of the 276 samples.
As shown in Table 1, HPV18 African variants were predominant
in the 97 HPV18-infected African American women (i.e., 62
women or 63.9%, 95% CI = 53.5% to 73.4%), and European
variants were common in the 168 HPV18-infected white women
(i.e., 91 women or 54.2%, 95% CI = 46.3% to 61.9%). The dif-
ference in overall distribution of HPV 18 variants between white
and African American women was statistically significant
(P<.001). The overall distribution of HPV 18 variants in Ameri-
can Indian/Alaskan women and Asian/Pacific Islander women
was similar to that in white women but differed substantially
from that in African American women (P = .000).

HPV16 variants were evaluated in samples from 791 women,
with HPV16 European variants detected in 649 (82.0%, 95%
CI=79.2% to 84.7%), Asian variants detected in six (0.8%, 95%
CI = 0.3% to 1.6%), North American variants detected in six
(0.8%, 95% CI = 0.3% to 1.6%), Asian American variants de-
tected in 61 (7.7%, 95% CI = 5.9% to 9.8%), Afl variants de-

tected in 36 (4.6%, 95% CI = 3.2% to 6.2%), and Af2 variants
detected in 33 (4.2%, 95% CI = 2.9% to 5.8%) of the 791 sam-
ples. Because of the limited number of infections, Asian and
North American variants were grouped with Asian American and
designated as Asian American—positive variants. To make the
classification systems for HPV16 variants and HPV18 variants
comparable to each other, we grouped Afl and Af2 variants to-
gether in the initial analyses and named them as African variants.
HPV16 African variants accounted for 43 (26.5%, 95% CI =
19.9% to 34.0%) of the infections in the 162 HPV16-infected
African American women but for only 25 (4.3%, 95% CI =2.8%
t0 6.3%) in the 584 HPV16-infected white women (Table 1). The
overall distribution of HPV16 variants in African American
women differed statistically significantly from that observed in
white women (P<.001) and in American Indian/Alaskan women
or Asian/Pacific Islander women (P<.001). Although infections
with HPV16 European variants were predominant in all three
racial groups, African variants were relatively more common in
African American women and Asian American—positive variants
were relatively more common in American Indian/Alaskans or
Asian/Pacific Islanders.

Given the apparent race-associated difference in distribution
of HPV variants, we next examined the association between a
subject’s race and the persistence of HPV variants. Because of
the relatively few American Indian/Alaskans and Asian/Pacific
Islanders were positive for HPV16 or HPV 18, this analysis was
confined to white and African American women who were posi-
tive for either European or African variants.

Persistence of HPV18 Variants by Racial Group

Of the 191 white or African American women with either
HPV18 European or African variants, nine were not followed
and therefore were excluded from the analysis of viral persis-
tence. The percentage of loss to follow-up was 4.7% for both
white (n = 106) and African American (n = 85) women, 5.3% for
women with HPV18 European variants (n = 114), and 3.9% for
women with HPV18 African variants (n = 77), respectively (P =
.74). Status of >CIN2 was histologically confirmed in 34 women
at enrollment, in four during follow-up, and in 23 at the end of
the study. The mean (£SD) length of follow-up (without taking
censoring of >CIN2 into account) was 23.1 (+5.1) months for

Table 1. Distribution of human papillomavirus (HPV) type 16 and 18 variants by racial group*

E variants Af variants AA(+) variants

Strain and racial group of women No. (%, 95% CI) No. (%, 95% CI) No. (%, 95% CI) Pt P valuef
HPV18

White (n = 168) 91 (54.2,46.3t0 61.9) 15(8.9,5.1t0 14.3) 62 (36.9, 29.6 to 44.7)

Africa American (n = 97) 23(23.7,15.7t0 33.4) 62 (63.9,53.5t073.4) 12 (12.4, 6.6 to 20.6) <.001

Others§ (n=11) 5(45.5,16.7 to 76.6) 2(18.2,2.3t051.8) 4(36.4,10.9 t0 69.2) .52 .006
HPV16

White (n = 584) 505 (86.5, 83.4 to 89.1) 25(4.3,2.8t06.3) 54(9.2,7.0to 11.9)

Africa American (n = 162) 108 (66.7, 58.8 to 73.9) 43 (26.5,19.9 to 34.0) 11(6.8,3.4t0 11.8) <.001

Others|| (n = 45) 36 (80.0, 65.4 to 90.4) 1(2.2,0.1t0 11.8) 8(17.8, 8.0 to 32.1) 17 <.001

*E = European; Af = African; AA = Asian American; CI = confidence interval.

fTCompared with the variant distribution in white women by a chi-square or Fisher’s exact test, when appropriate. Bonferroni corrections were made to adjust for
multiple comparisons of distribution of the variants by racial group, resulting in a cutoff P value of .017 to determine statistical significance. All statistical tests were

two-sided.

‘iCompared with the variant distribution in African American women by Fisher’s exact test.
§Including four American Indian/Alaskan women and seven Asian/Pacific Islander women.
[Including 15 American Indian/Alaskan women and 30 Asian/Pacific Islander women.
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Fig. 1. Proportion of women remaining positive for human papillomavirus (HPV)
DNA from the time of enrollment among women infected with an HPV 18 variant
by racial group. (A) White women. (B) African American women. Women with
biopsy-confirmed cervical intraepithelial neoplasia grade 2 or higher (>CIN2) were
censored at the time of initial diagnosis. Estimates were determined with a Kaplan—
Meier analysis. European variants are shown with a solid line; African variants

women with European variants and 24.1 (+3.7) months for those
with African variants (P = .15). The mean (£SD) age of women
with European and African variants was 25.1 (£5.9) and 25.5
(£5.4) years, respectively (P = .61).

As shown in Fig. 1, after censoring women who were identi-
fied with >CIN2 at enrollment or during follow-up, the overall
likelihood of remaining positive for viral DNA was statistically
significantly higher for white women with HPV18 European
variants than for white women with HPV18 African variants
(log-rank test, P =.04). This trend was reversed in African Amer-
ican women; i.e., the overall likelihood of remaining positive for
viral DNA was statistically significantly lower for African Amer-
ican women with HPV18 European variants than for African
American women with HPV18 African variants (log rank test,
P =.03). The mean time to HPV 18 DNA negativity from the date
of enrollment was 15.0 months (95% CI = 12.8 to 17.2 months)
and 11.0 months (95% CI =7.2 to 14.7 months) for white women
with HPV18 European and African variants, respectively, and
12.6 months (95% CI = 9.9 to 15.4 months) and 17.1 months
(95% CI = 14.3 to 19.9 months) for African American women
with HPV18 European and African variants, respectively.

To verify the robustness of the results, we performed a second
analysis in which women with biopsy-confirmed >CIN2 at
enrollment or during follow-up were arbitrarily treated as being
positive through the last available visit if they had viral DNA
detected at the time of histologic diagnosis. Again, the likeli-
hood of persistent detection of viral DNA remained statistically
significantly higher in white women with HPV 18 European vari-
ants than in white women with HPV 18 African variants (Fig. 2, A,
log rank test, P<.001), but this likelihood was statistically
significantly lower in African American women with HPV18
European variants than in African American women with
African variants (Fig. 2, B, log rank test, P = .002). Because
some women had a negative test result between their HPV18-
positive visits, determined by the PCR-based reverse line blot
hybridization assay, we conducted an analysis that treated
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white women and .03 among African American women. *, Number becoming
negative/number censored during the interval/mumber remaining positive at the
beginning of the interval and proportion remaining positive, with 95% confidence
intervals in parentheses, are shown at 6, 12, 18, and 24 months of follow-up.

women with one negative test as being positive. Results of this
analysis, however, did not substantially alter the race-associated
difference in persistence of HPV18 variants (data not shown).
To address the concerns of clustering of the events and discrete
nature of the follow-up times, the relative risk of becoming neg-
ative for viral DNA was further assessed by use of Poisson
regression analyses. Again, infections with HPV18 African
variants were more likely to resolve than infections with Euro-
pean variants in white women (RR = 2.63, 95% CI = 1.45
to 4.74) but less likely to resolve in African American women
(RR=0.50;95% CI=0.29 to 0.87). The likelihood of persistence
by HPV18 variants between the racial groups was statistically
significantly different (P<.001).

Persistence of HPV16 Variants by Racial Group

Of the 681 white or African American women with an HPV16
European or African variant, 57 were excluded from the analysis
of viral persistence because they did not have a follow-up visit.
No statistically significant differences were found in percentages
of loss to follow-up between 530 white and 151 African Ameri-
can women (8.9% versus 6.6%; P = .51) and between the 613
women with HPV16 European and the 68 with HPV16 African
variants (8.6% versus 5.8%; P = .64). Status of >CIN2 was histo-
logically confirmed in 243 women at enrollment, in 45 during
follow-up, and in 57 at the end of the study. The mean (+SD)
length of follow-up (without censoring women with >CIN2) was
23.1 (£5.4) months and 23.7 (+3.2) months for women with
HPV16 European and HPV16 African variants, respectively (P =
.40). The mean (£SD) age of women with HPV16 European and
HPV16 African variants was 25.1 (£6.0) years and 23.8 (+5.7)
years, respectively (P = .12).

When women with >CIN2 at enrollment or during follow-up
were censored at the time of initial diagnosis, the overall likeli-
hood of remaining positive was statistically significantly higher
in white women with HPV16 European variants than in those
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Fig. 2. Proportion of women remaining positive for human papillomavirus (HPV)
DNA from the time of enrollment among women infected with an HPV 18 variant
by racial group. (A) White women. (B) African American women. Estimates
were determined with a Kaplan—Meier analysis. Women with biopsy-confirmed
cervical intraepithelial neoplasia grade 2 or higher (>CIN2) were treated as being
positive through the last available visit. European variants are shown with a
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with HPV16 African variants (Fig. 3, A, log-rank test, P = .03).
Among African American women, the likelihood of remaining
positive for viral DNA appeared to be higher in those with HPV16
African variants than in those with HPV16 European variants,
but the difference was not statistically significant (Fig. 3, B,
log-rank test, P =.16). The mean time to HPV16 DNA negativity
from the date of enrollment was 17.2 months (95% CI = 15.8 to
18.6 months) and 11.4 months (95% CI = 8.0 to 14.9 months) for
white women with HPV16 European variants and HPV16 African
variants, respectively. Among African American women, this
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Fig. 3. Proportion of women remaining positive for human papillomavirus
(HPV) DNA from the time of enrollment among women infected with HPV16
by racial group. (A) White women. (B) African American women. Estimates
were determined with a Kaplan—-Meier analysis. European variants are shown
with a solid line; African variants are shown with a dashed line. We censored
women with biopsy-confirmed cervical intraepithelial neoplasia grade 2 or higher
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to 18.3 months) for those with HPV16 African variants. Again,
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positive substantially changed the race-associated differences in
persistence of HPV16 variants (data not shown). Infections with
HPV16 African, compared with European, variants were more
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to 3.41) but less likely to resolve in African American women

4 African variants

i |

European variants
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Proportion remaining 84.2% (76.0,92.4) 52.9%(41.5,64.3) 28.1% (17.3,38.8) 11.0% (2.9, 19.2)
positive (95% CI)

African variants (n=41) 4/11/26 11/1/14 3110 3116

Proportion remaining 86.7% (74.5,98.8) 49.3%(31.2,67.4) 38.1%(20.2,56.0) 26.1% (9.4,42.8)
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(>CIN2) at the time of initial diagnosis. The P value for the overall likelihood of
remaining positive between the European and African variants was .03 among
white women and .16 among African American women. *, Number becoming
negative/number censored during the interval/number remaining positive at the
beginning of the interval and proportion remaining positive, with 95% confidence
intervals in parentheses, are shown at 6, 12, 18, and 24 months of follow-up.
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Fig. 4. Proportion of women remaining positive for human papillomavirus (HPV)
DNA from the time of enrollment among women who were infected with HPV16
by racial group. (A) White women. (B) African American women. Estimates were
determined with a Kaplan—Meier analysis. Women with biopsy-confirmed cervical
intraepithelial neoplasia grade 2 or higher (>CIN2) were censored at the time of
initial diagnosis. HPV16 African 1 (Afl) variants are shown with a solid line;

(RR =0.76, 95% CI = 0.47 to 1.24). The difference between the
racial groups was statistically significant (P =.014).

Among those with HPV16 African variants, eight (34.8%) of
the 23 white women and 24 (58.5%) of the 41 African American
women were positive for Afl variants (P = .07). As shown in
Fig. 4, B, African American women with Afl variants appeared
to resolve their infections more slowly than did those with Af2
variants (log rank test, P = .06). The mean time to HPV16 DNA
negativity was 17.6 months (95% CI = 13.2 to 22.0 months) for
African American women with HPV16 Afl variants and 11.4
months (95% CI = 6.1 to 16.8 months) for African American
women with Af2 variants. There was no appreciable difference in
the likelihood of remaining positive for infections with HPV16
Afl and Af2 variants in white women (Fig. 4, A, log rank test,
P =.42). The mean time to HPV16 DNA negativity from the date
of enrollment was 12.0 months (95% CI = 7.2 to 16.8 months)
and 11.4 months (95% CI= 6.1 to 16.8 months) for white women
with HPV16 Afl and Af2 variants, respectively.

DiscussioN

In this study of racially diverse women residing in the United
States, we found that infection with European variants was most
common in HPV18-positive white women and infection with
African variants was most common in HPV18-positive African
American women. Similarly, the proportion of African variants was
statistically ~significantly higher in HPV16-positive African
American women than in HPV16-positive white women. In African
American women infected with HPV16 African variants, most
infections were with Afl variants. This race-related distribution of
HPV16 and HPV 18 variants is consistent with previous findings of
geographic-related distributions, whereby the European variants were
predominant in populations in Europe and African variants were
predominant in Africa (2—5). Furthermore, the Af1 variant accounted
for most of the HPV 16 infections in the African population (4).
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African 2 (Af2) variants are shown with a dashed line. The P value for the overall
likelihood of remaining positive between the Afl and Af2 variants was .42 among
white women and .06 among African American women. *, Number becoming
negative/number censored during the interval/number remaining positive at the
beginning of the interval and proportion remaining positive, with 95% confidence
intervals in parentheses, are shown at 6, 12, 18, and 24 months of follow-up.

One interpretation of our results is that the race-associated
variant distribution may simply reflect long-term sexual mixing
patterns in the population, whereby sexual activities more com-
monly occur between members of the same race than between
members of different races. Alternatively, genetic factors may
preferentially predispose women to establish and/or retain infec-
tion with particular HPV variants. A higher proportion of certain
variants in HPV infections detected at enrollment could result
from increased acquisition and/or prolonged persistence. Our
previous cohort study of the natural history of HPV16 variant
infections (6) showed that the risk of incident infection with non-
European variants was statistically significantly higher in non-
white women than in white women, a finding that supports the
role of acquisition as an explanation for the race-associated vari-
ant distribution. However, it is unclear whether this pattern would
be due to race-related differences in the risk of exposure to par-
ticular variants or to differences in predispositions for establish-
ing infections with different variants.

As an important contribution to the understanding of viral—
host interactions, this study demonstrated that infections with Eu-
ropean variants, compared with infections with African variants,
were less likely to resolve in white women but more likely to re-
solve in African American women. It also showed that the likeli-
hood of remaining positive was higher for African American
women with Af1 variants than for African American women with
Af2 variants. The difference was not explained by the length of
follow-up or by age at enrollment, a factor thought to be related
to viral persistence (24). Ascertainment bias was not an issue be-
cause assessing HPV variants was done without information on
viral DNA persistence. Therefore, the difference may reflect host-
related abilities of the variants to establish a persistent infection.

One issue complicating our finding of race-associated viral
DNA persistence is that the study included a substantial number
of women who received a therapeutic procedure for their biopsy-
confirmed >CIN2. As indicated previously (25,26), viral persis-
tence is altered by a treatment procedure such as laser conization
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and loop electrosurgical excision procedure; the latter procedure
was used almost exclusively in the ALTS trial. Indeed, in the
ALTS study, women who were treated for >CIN2 at enrollment
were more likely to resolve their infections by the subsequent
follow-up visit than were those without >CIN2 at enrollment who
did not receive the treatment. Clearly, the results would have
been biased if those with and without >CIN2 had been treated
uniformly in the analysis. Also, restricting the analysis to women
without >CIN2 may not be appropriate because this restriction
actually removes those who are likely to have a persistent infec-
tion. Because such a disturbance to viral DNA persistence (which
is the result of the presence of cervical lesions and their treat-
ment) is unavoidable in observational studies, we treated women
with biopsy-confirmed >CIN2 as either censored at the time
of initial diagnosis or positive through the last available visit.
Both analyses yielded equivalent results. Further analyses of
viral DNA clearance at the first follow-up visit suggest that the
impact of treatment on clearance of viral infection was not related
to race or variant (data not shown). Thus, it is unlikely that
treatment biased the finding of race-associated viral DNA
persistence.

Some women had a negative HPV test result between two
positive visits. In our main analyses, the event of viral clearance
was defined as the first negative result. However, negativity be-
tween the positive visits may be due to a natural fluctuation in the
level of viral DNA or variability in the sampling procedure.
Biases could have been introduced if these differences were dif-
ferentially related to the variants. However, when we treated in-
tercurrent negative visits as positive, the estimates remained
similar. Finally, we are aware that, because the study protocol
required testing for HPV DNA at each 6-month study visit, most
of the regression events occurred around the scheduled time. To
assess whether, and to what extent, the estimates were influenced
by the clustering of the events and the almost discrete nature of
the follow-up times, the data were further analyzed with a Pois-
son regression. The consistency of the results from the Poisson
regression and those from the log-rank test suggests that our find-
ings are robust.

Studies of persistence of HPV variants are rare, and findings
are inconsistent (/1/—14). These studies varied by classification
of variants and definitions of persistence. Most of these studies
dichotomized persistent status only by the presence or absence
of HPV DNA in one or more consecutive visits. One recent study
(13) reported that, relative to nononcogenic HPV types, the risk
for viral persistence was somewhat higher for non-European than
for European variants; this analysis, however, did not separate
HPV16 and HPV18 infections, and the difference between two
variant groups was not substantial. Our previous data (6) from a
cohort of female university students with incident HPV16 infec-
tions provided no evidence of a difference in persistent detection
of European and non-European variants. However, the analysis
in our previous study was not stratified by racial group because
of the small number of study subjects. Until now, data on the
race-associated persistence of HPV variants have been unavail-
able. As suggested by this study, differences in viral DNA persis-
tence between the variants may be substantially attenuated if race
is not taken into account.

Viral-host interactions are believed to play a crucial role in
clearing HPV DNA. The race-associated difference in persis-
tence of HPV variants may result from decreased cellular immu-
nity, perhaps through a specific immune evasion mechanism
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between the variant and the host that would reduce an otherwise
effective T-cell response and make it less effective in clearing the
infections. In this study, we examined sequence variation in
the part of viral genome. It is not known which viral antigens
are responsible for difference in clearance because those may be
linked polymorphisms throughout the genome. Because persis-
tent, compared with transient, HPV infection increases the risk
of cervical diseases, the findings of the race-associated difference
in viral DNA persistence between the variants may explain in
part our observation of variant-related risk of cervical neoplasia
(Xi LF, Koutsky LA, Hildesheim A, Galloway DA, Wheeler CM,
Winer RL, et al., unpublished data).

Our study has several limitations. First, women included in
this study were those who were positive for HPV16 or HPV18
at enrollment without distinction between new and previously
existing infections. However, there is no reason to believe that
African variants detected in white women had already persisted
longer than European variants at the time of enrollment or that
those in African American women had been acquired recently.
Usually, previously existing infections are more likely than inci-
dent infections to represent those with a prolonged duration.
Second, we observed that approximately 8% of white and African
American women with HPV16 European or African variants and
5% of those with HPV18 European or African variants failed to
return for follow-up. Biases could have been introduced if loss to
follow-up had been differentially related to viral clearance be-
tween the variants by racial group. However, women who were
not followed up did not differ from those who were followed up
with respect to race and variants. Also, there was no apparent dif-
ference in mean length of follow-up by HPV variant and racial
group. Third, we recognize that the use of prevalent cohorts may
result in some biases in the estimated relative hazards of viral
DNA changing from detectable to undetectable status; neverthe-
less, the comparison of groups is still valid because the potential
influence is likely to be nondifferential (27).

In summary, our data indicate that the distribution of HPV16
and HPV 18 variants appears to be related to race among women
presently living in the same geographic region. Given that women
with persistent, compared with transient, HPV16 or HPV18 in-
fections are at increased risk of cervical cancer, future studies
should be conducted to examine possible mechanisms involving
variant-specific immune evasion and their potential clinical and
therapeutic implications.

REFERENCES

(1) de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H.
Classification of papillomaviruses. Virology 2004;324:17-27.

(2) Eschle D, Durst M, ter-Meulen J, Luande J, Eberhardt HC, Pawlita M, et al.
Geographical dependence of sequence variation in the E7 gene of human
papillomavirus type 16. J Gen Virol 1992;73:1829-32.

(3) Chan SY, Ho L, Ong CK, Chow V, Drescher B, Durst M, et al. Molecu-
lar variants of human papillomavirus type 16 from four continents suggest
ancient pandemic spread of the virus and its coevolution with humankind.
J Virol 1992;66:2057-66.

(4) Yamada T, Manos MM, Peto J, Greer CE, Munoz N, Bosch FX, et al.
Human papillomavirus type 16 sequence variation in cervical cancers: a
worldwide perspective. J Virol 1997;71:2463-72.

(5) Ong CK, Chan SY, Campo MS, Fujinaga K, Mavromara-Nazos P,
Labropoulou V, et al. Evolution of human papillomavirus type 18: an an-
cient phylogenetic root in Africa and intratype diversity reflect coevolution
with human ethnic groups. J Virol 1993;67:6424-31.

ARTICLES 1051



(6) XiLF, Carter JJ, Galloway DA, Kuypers J, Hughes JP, Lee SK, et al. Acqui-
sition and natural history of human papillomavirus type 16 variant infection
among a cohort of female university students. Cancer Epidemiol Biomark-
ers Prev 2002;11:343-51.

(7) Hildesheim A, Schiffman MH, Gravitt PE, Glass AG, Greer CE, Zhang T,
et al. Persistence of type-specific human papillomavirus infection among
cytologically normal women. J Infect Dis 1994;169:235-40.

(8) Giuliano AR, Papenfuss M, Abrahamsen M, Inserra P. Differences in fac-
tors associated with oncogenic and nononcogenic human papillomavirus
infection at the United States-Mexico border. Cancer Epidemiol Biomarkers
Prev 2002;11:930-4.

(9) Richardson H, Kelsall G, Tellier P, Voyer H, Abrahamowicz M, Ferenczy A,
et al. The natural history of type-specific human papillomavirus infections
in female university students. Cancer Epidemiol Biomarkers Prev 2003;
12:485-90.

(10) Brown DR, Shew ML, Qadadri B, Neptune N, Vargas M, Tu W, et al.
A longitudinal study of genital human papillomavirus infection in a cohort
of closely followed adolescent women. J Infect Dis 2005;191:182-92.

(11) Londesborough P, Ho L, Terry G, Cuzick J, Wheeler C, Singer A. Human
papillomavirus genotype as a predictor of persistence and development of
high-grade lesions in women with minor cervical abnormalities. Int J Cancer
1996;69:364-8.

(12) Bontkes HJ, van Duin M, de Gruijl TD, Duggan-Keen MF, Walboomers
IM, Stukart MJ, et al. HPV 16 infection and progression of cervical intra-
epithelial neoplasia: analysis of HLA polymorphism and HPV 16 E6
sequence variants. Int J Cancer 1998;78:166—71.

(13) Villa LL, Sichero L, Rahal P, Caballero O, Ferenczy A, Rohan T, et al.
Molecular variants of human papillomavirus types 16 and 18 preferentially
associated with cervical neoplasia. J Gen Virol 2000;81:2959-68.

(14) Schlecht NF, Burk RD, Palefsky JM, Minkoff H, Xue X, Massad LS,
et al. Variants of human papillomaviruses 16 and 18 and their natural history
in human immunodeficiency virus-positive women. J Gen Virol 2005;86:
2709-20.

(15) Gravitt PE, Peyton CL, Apple RJ, Wheeler CM. Genotyping of 27
human papillomavirus types by using L1 consensus PCR products by a
single-hybridization, reverse line blot detection method. J Clin Microbiol
1998;36:3020-7.

(16) Schiffman MH, Adrianza ME. ASCUS-LSIL Triage Study. Design, methods
and characteristics of trial participants. Acta Cytol 2000;44:726-42.

(17) ASCUS-LSIL Triage Study (ALTS) Group. Results of a randomized trial
on the management of cytology interpretations of atypical squamous cells of
undetermined significance. Am J Obstet Gynecol 2003;188:1383-92.

(18) Cole ST, Danos O. Nucleotide sequence and comparative analysis of the
human papillomavirus type 18 genome. Phylogeny of papillomaviruses and
repeated structure of the E6 and E7 gene products. J Mol Biol 1987;193:
599-608.

1052 ARTICLES

(19) Seedorf K, Krammer G, Durst M, Suhai S, Rowekamp WG. Human papil-
lomavirus type 16 DNA sequence. Virology 1985;145:181-5.

(20) Meissner J. Sequencing errors in reference HPV clones. In: Myers G, Baker C,
Munger K, Sverdrup F, McBride A, Bernard HU, et al. (Eds.), Human papil-
lomaviruses 1997. A compilation and analysis of nucleic acid and amino
acid sequences. 3rd edition. Los Alamos (NM): Theoretical Biology and
Biophysics, Los Alamos National Laboratory; 1997. p. 110-23.

(21) Arias-Pulido H, Peyton CL, Torrez-Martinez N, Anderson DN, Wheeler CM.
Human papillomavirus type 18 variant lineages in United States populations
characterized by sequence analysis of LCR-E6, E2, and L1 regions. Virol-
ogy 2005;338:22-34.

(22) Mantel N, Haenszel W. Statistical aspects of the analysis of data from retro-
spective studies of disease. J Natl Cancer Inst 1959;22:719-48.

(23) Hutchinson MK, Holtman MC. Analysis of count data using Poisson regres-
sion. Res Nurs Health 2005;28:408-18.

(24) Castle PE, Schiffman M, Herrero R, Hildesheim A, Rodriguez AC,
Bratti MC, et al. A prospective study of age trends in cervical human papil-
lomavirus acquisition and persistence in Guanacaste, Costa Rica. J Infect
Dis 2005;191:1808-16.

(25) Fen J, Yoshinouchi M, Nakamura K, Kodama J, Nasu Y, Yamato K,
et al. Eradication of HPV post-surgical treatments, its correlation with spe-
cific types, types of surgery and the physical status. Oncol Rep 2004;12:
375-9.

(26) Sarian LO, Derchain SF, Pittal Dda R, Andrade LA, Morais SS, Figueiredo
PG. Human papillomavirus detection by hybrid capture II and residual
or recurrent high-grade squamous cervical intraepithelial neoplasia after
large loop excision of the transformation zone (LLETZ). Tumori. 2005;91:
188-92.

(27) Brookmeyer R, Gail MH. Biases in prevalent cohorts. Biometrics 1987;
43:739-49.

NOTES

Supported by Public Health Service grant CA 84396 to L. F. Xi. The study
protocol was approved by the institutional human subject review board of the
University of Washington. The authors have no commercial or other associations
that might pose a conflict of interest. The funding agency had no role in the study
design, data collection, the analysis and interpretation of the data, the writing of
the manuscript, or the decision to submit the manuscript for publication.

This study was part of the project ancillary to the ALTS clinical trial but does
not represent the ALTS Group.

We thank the ALTS Group for providing the biological specimens and HPV
typing results and Ms. Marsha Weese for help in manuscript preparation.

Manuscript received February 16, 2006; revised May 22, 2006; accepted
June 14, 2006.

Journal of the National Cancer Institute, Vol. 98, No. 15, August 2, 2006



